Introduction
The Tunisian Ministry of Health is devoted to controlling and monitoring the quality of drinking water supplied by the Tunisian National Water Distribution Utility (SONEDE). A good bacteriological drinking waterquality has been translated by decreasing (from 5.8% in 1988 to 2.88% in 2006) diarrheal diseases. However, previous national authority's work has not supported the drinking water chemical hazards, i.e. fluoride, for the health risks assessment. Many epidemiological studies of possible adverse effects of the long-term ingestion of fluoride via drinking-water have been carried out. These studies clearly establish that fluoride primarily produces effects on skeletal tissues (bones and teeth). Low concentrations provide protection against dental caries, especially in children. Moreover, Tunisian National Water Distribution Utility (SONEDE) has not adapted an efficient cor-rective action to meet the Tunisia drinking water quality requirements of fluoride. To prevent adverse effects related to high daily intake level of fluoride, good water quality management is crucial. This work presents a sampling campaign over 100 Tunisian water consumption points (tap) in order to assess the conformity of the Tunisian drinking water quality with respect to fluoride levels. Section 2 of this paper shows the sampling analysis results. Conformity assessment is presented in Section 3 by referring to the Tunisian national standard (NT09.14 2013) and the international guidelines [1] . Finally, Section 4 presents a risk characterization approach by adopting a four-basic-step risk assessment process in order to identify the hyper-sensitive population of adverse effect like tooth decay, dental and skeletal fluorosis.
Materials and Methods

Sampling Process
In this work, a sampling campaign has been done over 100 Tunisian water consumption points (tap). The samples plan is defined by second degree survey with reasoned choice (mass of population served by networks water SONEDE). Laboratory analysis is used to quantitatively describe the fluoride levels in drinking tap water.
Conformity Assessment
This overview aims to assess conformity of drinking water quality based on a comparative approach between laboratory analysis results and standards of drinking-water quality presented in Table 1 . By referring the Tunisian national standard [2] and the international guidelines [1] mentioned in Table 1 .
Risk Assessment of Fluoride Content in Drinking Water in Tunisia
As mentioned in the 2007 report edition of the French Institute for Public Health Surveillance [3] , risk assessment process is typically structured in four basic steps: 1) Hazard identification, 2) Selection of toxicological reference values (TRV), 3) Exposure estimation, 4) Risk characterization. This section explains in detail this four steps risk assessment.
Hazard Identification
Excessive or deficient exposure to fluoride can have adverse effects on human health [4] :  Tooth decay (caries) or enamel demineralization is caused by deficient exposure during tooth formation [5] .  Dental fluorosis is caused by over fluoride exposure occurring during tooth mineralization, starting from third month of in utero life (temporary teeth) ends at 12 years (permanent teeth) [6] [7] .  Skeletal fluorosis can also lead In addition, long-term exposure to high fluoride levels [8] [9].
Toxicity Reference Value (TRV)
A toxicity reference value (TRV) presented in Table 2 is used to qualify or/and quantify a human health risk. Many toxicity reference values (TRV), specific to fluoride, are used to assess fluoride risk; depending on exposure duration (acute, sub-chronic or chronic) and exposure route (oral, inhalation, etc.). The TRV used in this work are selected with respect to national and international organizations and institutions like US Environmental Protection Agency (US EPA), The Agency for Toxic Substances and Disease Registry (ATSDR), The French High Council for Public Health (FHCPH) and The French Agency for Food, Environmental and Occupational Health & Safety [10] . The TRV selected for adverse effects threshold by fluoride ingestion are summarized as follows: Table 1 . Guideline for fluoride concentration in drinking water. , may arise the skeletal fluorosis [12] ,  A daily fluoride intake lower or equal to fluoride safety limit does not produce any harmful effect as established by CSHPF [14] .
Exposure Assessment
The fluoride daily exposure in drinking water (Ew) is expressed by means of fluoride quantity in water in milligrams (mg) over person body weight in kilograms (kg −1 b.w.) over exposure period in days (day −1 ). It is expressed as:
where "C f " is the fluoride concentration in drinking water (mg•L ) and "B w " is the average body weight (kg). The reference values used by the World Health Organization (WHO) for the daily water consumption and the corresponding average body weight are summarized in the Table 3 .
Risk Characterization
Risk characterization combines the information from the daily fluoride exposure by water and the adverse effects on human health observed at higher exposure level than the TRV [15] .
The most population exposed at risk is defined by comparing daily fluoride exposure levels in water for different age groups (adult, child and infant).
The comparative approach of the daily fluoride exposure level with the TRV, allows us to estimate some risk indicators illuminating the health dimension of the situation investigated, such as the hazard quotient (QD). This is the ratio between the level of exposure and the toxicological reference value.
Adverse effects may occur when the TRV exceeds the unitary value [3] . So, the calculation of this ratio is a tool for identifying areas affected by higher fluoride levels.
Comparison of Fluoride Daily Exposure and Safety Limit
A comparative approach is adopted between the daily fluoride exposure and the safety limit established by the CSHPF in the aim to define the exceeding cases of safety limit in drinking water as it is presented in Figure 1 .
This approach is based on: a) safety limit established by the CSHPF: 4 mg•day −1 for adults, 0.7 mg•day −1 for children and 0.4 mg•day −1 for infants. Table 3 . Daily water consumption and corresponding average body weight (adopted from [11] ). 
Results and Discussion
Analysis Results Description
In this subsection, analysis results will be explained. Figure 2 shows that In Tunisia, fluoride levels in drinking tap water are highly changing from north area to south area. Laboratory analysis results shows that fluoride levels less than 0.1 mg•L −1 are recorded in some northern areas; i.e. Beja and Jandouba but these levels are exceeding 2 mg•L −1 in southern areas, i.e. Medenine, Gabes, Gafsa and Tataouine. In fact, drinking water supply in northern Tunisian areas is provided from surface water that has generally low contents of fluoride (less than 0.5 mg•L −1 ). As drinking water supply, in southern Tunisia areas, is provided from groundwater, this can explain the high changing fluoride levels. Indeed, groundwater is naturally rich of fluoride by the fact that it is in contact with the rock aquifer and can react with it causing water enrichment by fluoride [16] . Figure 3 shows significant intra-regional variability in Gabes area, where fluoride levels fluctuate between minimum value of 0.29 mg•L −1 ) in ElHamma and maximum value of 1.94 mg/L in Mareth. The various water supply systems can be the major cause of this intra-regional variability: from groundwater wells and water desalination plant [17] . 
Fluoride in the Drinking Tap Water and Related Geographical Variation
Intra-Regional Variation of Fluoride Levels in the Drinking Tap Water
Conformity Assessment Results
Over 7% of samples are non-compliantas it is shown in Table 4 . Moreover, Figure 4 shows that the southern areas, i.e. Medenine, Gabes, Gafsa and Tataouine are considered to be the most areas affected by exceeding fluoride standards in drinking water.
Risk Assessment Results
Identification of the Sensitive Population
Fluoride exposure levels in different Tunisian areas and for different age groups (adult, child and infant) are calculated by using the WHO reference values for the average body weight and daily water consumption mentioned in Table 3 . Figure 5 shows a clear difference between the calculated daily exposure to fluoride in drinking water (E w ) for three different age groups; i.e., adult, child and infant. Figure 5 highlights that Infants and children have higher fluoride exposure levels than adults. Hence, infants and young children are the hyper-sensitive age group to fluoride risk. The infant and children hyper-sensitivity is explained by the fact that the growth skeletal and the mineralization of tooth bud start up during this period. Moreover, a Canadian study [14] [18] considers that the highest deposition in calcified tissues (bone, teeth) was observed for children case. 
Tunisian Areas Affected by High Fluoride Levels in Drinking Water
Levels of daily exposure to fluoride depend mainly on the geographical area. The long time exposure to recommended fluoride level does not produce any harmful effects to human. However, upper limit of fluoride in water causes adverse effects. These effects can be classified as acute and chronic toxicity. ), thus we can estimate that the consumer is not exposed to fluoride acute toxicity via drinking tap water.
Acute Toxicity by Fluoride in Drinking Water in Tunisia
Chronic Toxicity by Fluoride in Drinking Water in Tunisia
The chronic toxicity is caused due to long-term ingestion of inadequate amounts of fluoride in drinking water. ) of occurrence dental fluorosis. As well drinking tap water contributes at 100% of TRV. So the excess of TRV can appear in another areas if we associate to water exposure, the food exposure and that provided by the drink (tea) and toothpastes. This step of risk characterization, allows estimating some risk indicators. Such as the hazard quotient (HQ), this is the ratio between the exposure level and the TRV. When the QD exceeds unitary value an adverse effects may occur [18] . Figure 6 shows that 5 areas have HQ higher than the unity, in these areas the tap water consumer can be affected by dental fluorosis: e.g. in Medenine area the children have an exposure level is 2 times greater than TRV. ) of occurrence skeletal fluorosis [12] . Figure 7 shows that these areas are located in southern Tunisia (Medenine, Gabes, Gafsa, Tataouine and ZidiBouzid) where the HQ is higher than the unity.
Exceeding Cases of the Safety Limit in Tunisia
The percentages of exceeding cases of the safety limit are:  33% for infants;  20% for children;  3% for adults.
This analysis pinpoints that infants and children are the most population exposed to fluoride risk.
Conclusions
This study was the starting point for locating areas with high sanitary risk attributed to drinking water.  75% of Tunisian areas present dental decay risk through tap water consumption,  25% of Tunisian areas present dental fluorosis risk through tap water consumption,  20% of Tunisian areas present skeletal fluorosis risk through tap water consumption. In Gabes area two water types are observed: water fluoride levels of 0.29 mg•L −1 in ElHamma area and water fluoride levels of 1.94 mg•L −1 in Mareth area. So the mixture of these two water types could be the solution to bring up the beneficial effect of fluoride and to prevent these adverse effects.
As well, this study concludes that young children and infants are considered as the hyper sensitive age group and they are the most population exposed to risk associated with excess and deficiency fluoride levels in water.
